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Abstract:

Background:

Breast cancer is the most common cancer in women, and one of the main risk factors
is obesity. There are many measurements of obesity. However, in the literature review
of Mendelian randomization (MR), obesity plays a different role in breast cancer.
Mendelian randomization‘s results are either protective or insignificant, which are not

consistent with the clinical result that obesity is a risk factor for breast cancer.

To investigate the causal relationship between obesity measurements and breast
cancer protection, we divide body weight into body fat weight (BFM) and free fat
weight (FFM), and made causal inferences for BFM and FFM respectively.
Understanding the correlation between obesity indicators and breast cancer will not
only help to identify high-risk cases of breast cancer early, but also can increase the
individual's fat-free body weight through interventional methods, which can be used
as a preventive measure. In this study, we will use Mendelian randomization to clarify

the causal relationship between obesity indicators and breast cancer.

Method:

This study uses the data of female breast cancer patients from the UK Biobank to
conduct one-sample Mendelian randomization, extracting 164 and 98 variants as
FFM’s and BFM’s instrumental variables (IV). Using two-stage least squares and
inverse variance weighted estimation measures the causal relationship between
obesity indicators and breast cancer. We also use the weighted median method, MR-
Egger regression for the robust causal inference. In a sensitivity study, by setting
breast cancer as the exposure variable and FFM as the outcome variable, we
investigate whether there is a bidirectional causal relationship between the two

variables.

In external validation, we perform two-sample Mendelian randomization by using
FFM’s 164 variants extracted from the UK Biobank. We first collect Genome-wide
association study (GWAS) data from the Breast Cancer Association Consortium
(BCAC). Next, two-sample Mendelian randomization is performed with data from the
Taiwan Biobank to reproduce the same causal relationship between FFM and breast
cancer in Han Chinese.

Result:
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The results show ( fpg..6=-0.012, OR,5,5=0.988, P,s;.5 =0.283 : Byy=-0.024,
OR,y,=0.976, Py, =0.012 ) , a negative causal relationship between FFM and
breast cancer, but the statistical power is not stable in different statistical methods.
The sensitivity study ( Bps.s= 0.352, OR,5.5=1.422, Pyg; 5 =0.296 : Bryw=0.062,
ORyyy=1.064, P,y =0.175) tests a causal relationship that only increased FEM is
associated with a reduced risk of breast cancer, the reverse causality did not exist and

having breast cancer did not affect the gain or loss of FFM.

Conclusion:

In this study, one-sample Mendelian randomization conducted by the UK Biobank
confirms that FFM is a protective factor for breast cancer risk with the result that
there exists a negative causality and no reverse causality. There is no statistically

significant causal relationship between BFM and breast cancer risk.

We propose possible explanations for the unusual protective effect of obesity on
breast cancer in previous Mendelian randomization papers by splitting off body
weight into FFM and BFM and using one-sample Mendelian randomization and two-
sample randomization. Therefore, we can understand whether an increase in fat mass
or an increase in muscle mass leads to a decrease in breast cancer risk more clearly.
And we come to the conclusion that the increase in muscle mass (FFM) may reduce

the risk of breast cancer.

This result may not be significant in the Taiwanese ethnic group because of the
difference in the mechanism of breast cancer among different ethnic groups. In future
studies, it would be necessary to use the FFM data of the Han Chinese to extract

instrumental variables and further consider breast cancer differences between ethnic.

In this study, FFM, as a protective factor that can reduce the risk of breast cancer, is
closely related to hormone levels after menopause. The average menopause age of
Taiwanese women is 48-52 years old, which is almost matching to the peak incidence
of breast cancer in Taiwan at 45-69 years old. From the perspective of disease
prevention, it should be noted that postmenopausal women may increase the risk of
breast cancer if their exercise habits change after menopause or their muscle loss. It is
recommended for postmenopausal women to develop exercise habits as an
intervention to maintain hormone levels in the body to reduce the risk of breast

cancer.
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(A)

502,505
patients from UK-biobank

Select famale : 273,382

Breast cancer
Have Breast cancer
Or don’t have any cancer

v

259,383

14,105

Filter by clinical variable missing

210,063

11,314

Filter by genetic ethnic group

185,084

9,554

Randomly Select case-control ratio 1:4 & SNPs QC

39,388

9,654

Bl= A EENAE

( B ) HWE Minor Allele
Call rate <95% p<le-6 Frequency <1%

456,028
[ SNPs from UK-biobank J | 217 SNPs 31 SNPs 533 SNPs

(455,271 ]
\____ SNPs in this study

----------------------------------------------------------------------

( C ) Call rate <95% HWE Minor Allele
- p<ie-6 Frequency <1%

L 9,564,706 J =) | 637,143 SNPs | | 2,793,418 SNPs 194,594 SNPs
SNPs from UKB Imputation

5,939,551 SNPs
in this study
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-

ER2FTHREL v Bl RRAESLSH

3. Any other white

5. Black or Black

Characteristic 1. Britislh, N= 2. Irisl:, N= background, N = 4. 1.&.sian or_Asian . British, N = E Chinfse, N 7. Mi)I(ed, N= 8. Other e_thnic ]
442,586 13,207 16,902 British, N = 9,882 7.938! =1,574 2,958 group, N = 7,335

sex

men 202,332 (45.72%) 6,310 (47.78%) 6,617 (39.15%) 5,294 (53.57%) 3,365 (42.39%) 584 (37.10%) 1,105 (37.36%) 3,473 (47.35%)

women 240,254 (54.28%) 6,897 (52.22%) 10,285 (60.85%) 4,588 (46.43%) 4,573 (57.61%) 990 (62.90%) 1,853 (62.64%) 3,861 (52.65%)
age 56.86 (8.27) 56.24 (8.43) 54.55 (8.52) 53.33 (8.55) 51.94 (8.15) 52.49 (7.82) 51.73 (8.25) 53.93 (8.48)
breast cancer

no 429,895 (97.13%) (1927’82477%) 16,409 (97.08%) 9,714 (98.30%) 7,812 (98.41%) 1,542 (97.97%) 2,879 (97.33%) 7,181 (97.90%)

yes 12,691 (2.87%) 360 (2.73%) 493 (2.92%) 168 (1.70%) 126 (1.59%) 32 (2.03%) 79 (2.67%) 154 (2.10%)
Past tobacco smoking

1 Never smoked 174,974 (42.98%) 4,330 (36.78%) 5,453 (35.73%) 6,571 (71.53%) 4,582 (63.16%) 1,022 (68.96%) 1,035 (41.24%) 2,893 (50.90%)

2 Tried once or twice 65,348 (16.05%) 1,718 (14.59%) 2,547 (16.69%) 1,009 (10.98%) 997 (13.74%) 220 (14.84%) 396 (15.78%) 795 (13.99%)

3 Occasionally 57,764 (14.19%) 1,869 (15.87%) 2,761 (18.09%) 767 (8.35%) 924 (12.74%) 126 (8.50%) 430 (17.13%) 796 (14.00%)

4 most or all days 109,038 (26.78%) 3,857 (32.76%) 4,501 (29.49%) 839 (9.13%) 752 (10.37%) 114 (7.69%) 649 (25.86%) 1,200 (21.11%)
Alcohol intake frequency

1 Never 29,475 (6.66%) 1,113 (8.43%) 1,414 (8.37%) 4,463 (45.44%) 1,802 (22.80%) 428 (27.24%) 341 (11.55%) 1,590 (25.33%)

2 Special occasions only

3 One to three times a month

4 Once or twice a week

47,507 (10.74%)
49,449 (11.18%)
116,950 (26.44%)

5 Three or four times a week 105,806 (23.92%)

1,374 (10.41%)
1,327 (10.06%)
3,360 (25.46%)
3,326 (25.20%)

2,495 (14.78%)
2,014 (11.93%)
3,978 (23.56%)
3,372 (19.97%)

1,807 (18.40%)
724 (7.37%)
1,344 (13.68%)
818 (8.33%)

39

2,233 (28.25%)
1,041 (13.17%)
1,568 (19.84%)
759 (9.60%)

563 (35.84%)
172 (10.95%)
207 (13.18%)
96 (6.11%)

538 (18.22%)
433 (14.66%)
705 (23.87%)
494 (16.73%)

1,452 (23.13%)
677 (10.78%)
1,157 (18.43%)
750 (11.95%)
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6 Daily or almost daily

diabetes
no
yes
birth history
no
yes
age of menarche
age of menopause
menopause status
no

yes

93,085 (21.05%)

420,034 (95.12%)

21,538 (4.88%)

43,989 (18.32%)
196,086 (81.68%)
12.96 (1.60)
49.75 (5.13)

6,901 (4.81%)
136,659 (95.19%)

2,696 (20.43%)

12,582
(95.51%)

592 (4.49%)

1,637 (23.76%)
5,252 (76.24%)
13.12 (1.63)
49.44 (5.02)

210 (4.99%)
3,998 (95.01%)

3,612 (21.39%)

16,031 (95.29%)

793 (4.71%)

2,719 (26.49%)
7,546 (73.51%)
12.94 (1.61)
50.00 (4.82)

304 (5.48%)
5,243 (94.52%)

665 (6.77%)

7,979 (82.50%)

1,692 (17.50%)

633 (13.92%)
3,913 (86.08%)
13.25 (1.82)
48.59 (5.06)

72 (3.04%)
2,298 (96.96%)

501 (6.34%)

6,949 (88.56%)

898 (11.44%)

745 (16.42%)
3,793 (83.58%)
13.30 (1.95)
48.30 (5.52)

64 (3.45%)
1,792 (96.55%)

105 (6.68%)

442 (14.97%)

1,442 (94.00%) 2,765 (94.11%)

92 (6.00%)

219 (22.23%)
766 (77.77%)
13.10 (1.68)
50.00 (4.49)

39 (8.25%)
434 (91.75%)

173 (5.89%)

449 (24.30%)
1,399 (75.70%)
12.87 (1.72)
48.80 (5.44)

60 (7.67%)
722 (92.33%)

652 (10.39%)

5,595(90.15%)

611 (9.85%)

694 (20.87%)
2,632 (79.13%)
13.03 (1.79)
49.17 (5.10)

65 (3.85%)
1,623 (96.15%)

"1 (%); Mean (SD)
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22 IERIFTREE-ACFEETRER

Characteristic Total Case Control P-value’
Sample size N = 48,9421 N = 9,554/ N = 39,388/
Sex
women 48,942 (100%) 9,554 (100%) 39,388 (100%)
Age 56.64 (8.09) 57.48 (8.67) 56.43 (7.93) <0.001
Smoke <0.001
1 Never smoked 23,101 (47.20%) 4,320 (45.22%) 18,781 (47.68%)

2 Tried once or twice
3 Occasionally
4 most or all days
Alcohol
1 Never
2 Special occasions only
3 One to three times a month
4 Once or twice a week
5 Three or four times a week
6 Daily or almost daily
Diabetes

no

7,870 (16.08%)
6,972 (14.25%)
10,999 (22.47%)

3,769 (7.70%)
6,601 (13.49%)
6,435 (13.15%)
13,080 (26.73%)
10,908 (22.29%)
8,149 (16.65%)

47275 (96.59%)

41

1,469 (15.38%)
1,397 (14.62%)
2,368 (24.79%)

783 (8.20%)

1,324 (13.86%)
1,208 (12.64%)
2,524 (26.42%)
2,071 (21.68%)
1,644 (17.21%)

9151 (95.78%)

6,401 (16.25%)
5,575 (14.15%)
8,631 (21.91%)
0.036
2,986 (7.58%)
5,277 (13.40%)
5,227 (13.27%)
10,556 (26.80%)
8,837 (22.44%)
6,505 (16.52%)
<0.001
38124 (96.79%)
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yes 1,667 (3.41%)

403 (4.22%)

1,264 (3.21%)

Age of menarche 12.93 (1.60) 12.88 (1.60) 12.95 (1.60) <0.001
Number of live births 1.81 (1.14) 1.78 (1.14) 1.82 (1.14) 0.006
Age of menopause 49.84 (5.01) 49.74 (5.04) 49.86 (5.00) 0.076

"'n (%); Mean (SD)
2 Two Sample t-test; Pearson's Chi-squared test
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L2 HRD TR T RE A

Characteristic Total Case Control P-value? Univariate logistic regression
Sample size N =48,9427 N=9,554/ N =139,388/ OR’ 95% CI° p-value
BFP 36.76 (6.76) 37.33 (6.56) 36.62 (6.80) <0.001 1.02 1.01,1.02 <0.001
Weight 71.65 (13.71) 72.46 (13.33) 71.45 (13.80) <0.001 1.01 1.00, 1.01 <0.001
FFM 44.55 (4.89) 4470 (4.81) 44.51 (4.91) <0.001 1.01 1.00, 1.01 <0.001
BFM 27.10 (9.87) 27.76 (9.58) 26.94 (9.93) <0.001 1.01 1.01,1.01 <0.001
WHR 0.82 Q.07 082 Q.07 082 Q.07 <0.001 481 3.49, 6.64 <0.001
/Mean (SD)

2 Two Sample t-test

3 OR = Odds Ratio, CI = Confidence Interval

"BFP (%) :#8f33% ; FPM (Kg) : 2 794 <€ ;BIM (Kg) : £ #nE £ WHR @ A

—_ b
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We © FRL R4 Mg R 7

8000 =

Corr: Corr: Corr:
0.855*** 0.966*** 0.821***

BFP (%) : #8755 ; FFM (Kg) : 2 378 £ ;BFM (Kg) : £ & WHR : A
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(A) RF S

outcome exposure method SNPs beta standard error p value
breast cancer Free fat mass 2SLS 97 -0.015 0.013 0.258
breast cancer Free fat mass Inverse variance weighted 97 -0.031 0.014 0.027
breast cancer Free fat mass MR Egger 97 -0.087 0.069 0.209
breast cancer Free fat mass MR Egger Intercept 97 0.011 0.013 0.404
breast cancer Free fat mass Weighted median 97 -0.039 0.016 0.017

(B) 5iBiEA4T

outcome exposure method SNPs beta standard error p value
breast cancer Free fat mass 2SLS 164 -0.012 0.011 0.283
breast cancer Free fat mass Inverse variance weighted 164 -0.024 0.009 0.012
breast cancer Free fat mass MR Egger 164 -0.050 0.042 0.236
breast cancer Free fat mass MR Egger Intercept 164 0.005 0.008 0.518
breast cancer Free fat mass Weighted median 164 -0.033 0.013 0.009
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27 LHRME-PRRLGHL R FREEBC RS

(A) RF S

outcome exposure method SNPs beta standard error p value
breast cancer  Body fat mass 2SLS 51 -0.012 0.009 0.171
breast cancer  Body fat mass Inverse variance weighted 51 -0.011 0.008 0.194
breast cancer  Body fat mass MR Egger 51 -0.008 0.037 0.828
breast cancer  Body fat mass MR Egger Intercept 51 -0.001 0.014 0.945
breast cancer  Body fat mass Weighted median 51 -0.013 0.011 0.224
(B) 5iBiEA4T
outcome exposure method SNPs beta standard error p value
breast cancer  Body fat mass 2SLS 98 -0.010 0.007 0.134
breast cancer  Body fat mass Inverse variance weighted 98 -0.004 0.007 0.548
breast cancer  Body fat mass MR Egger 98 -0.010 0.027 0.704
breast cancer  Body fat mass MR Egger Intercept 98 0.002 0.010 0.812
breast cancer  Body fat mass Weighted median 98 -0.002 0.008 0.758
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22 RRBAF-EEHE RARRELE ERFL NN E AR BRI AR EB 2RSS (Bass= 0.352, OR,55=1.422,

PZSLS :0. 296 ; ﬁ"/w: 0. 062, ORIVW=]-- 064, PIVW :0. 175)

outcome exposure method SNPs beta standard error p value

breast cancer Free fat mass 2SLS 74 0.352 0.337 0.296

breast cancer Free fat mass Inverse variance weighted 74 0.062 0.046 0.175

breast cancer Free fat mass MR Egger 74 0.143 0.133 0.286

breast cancer Free fat mass MR Egger Intercept 74 -0.010 0.015 0.519

breast cancer Free fat mass Weighted median 74 0.126 0.064 0.051
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25 MBRAV-FRECBCER HEAT(LTRE)  BEEAEE (Busis= 0.043, ORy55=0. 958, Py =0.014 5 Bryy= -

0.083, OR;yuw=0.920, Py =0.013) , @& HmB (Basis= -0.028, OR,5=0.972, P55 =0.539; Byw= 0.002,

ORyw=1.002, Py =0.914)

(A) : Menopause (N=6, 060)

outcome exposure method SNPs beta standard error  p value
breast cancer Free fat mass 2SLS 50 -0.043 0.018 0.014
breast cancer Free fat mass Inverse variance weighted 50 -0.083 0.033 0.013
breast cancer Free fat mass MR Egger 50 -0.428 0.171 0.016
breast cancer Free fat mass MR Egger Intercept 50 0.091 0.044 0.045
breast cancer Free fat mass Weighted median 50 -0.079 0.044 0.074

(B) : No Menopause (N=1, 028)

outcome exposure method SNPs beta standard error  p value

breast cancer Free fat mass 2SLS 23 -0.028 0.045 0.539

breast cancer Free fat mass Inverse variance weighted 23 0.002 0.022 0.914
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breast cancer Free fat mass MR Egger 23 0.018 0.051 0.725
breast cancer Free fat mass MR Egger Intercept 23 -0.011 0.031 0.733
breast cancer Free fat mass Weighted median 23 0.026 0.028 0.355
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N RBEAV-FREEB R HHEAW(RREID PRk (Bww= - 0.079, OR=0.924, P-value=0.006) , 5*|- £ %

(Bww= -0.011, OR=0.989, P-value=0.826)

(A) :Ductal carcinoma (N=6,648)

outcome exposure method SNPs beta standard error  p value
breast cancer Free fat mass 2SLS 95 -0.021 0.014 0.134
breast cancer Free fat mass Inverse variance weighted 95 -0.030 0.011 0.005
breast cancer Free fat mass MR Egger 95 -0.017 0.045 0.705
breast cancer Free fat mass MR Egger Intercept 95 -0.003 0.010 0.779
breast cancer Free fat mass Weighted median 95 -0.041 0.016 0.010
(B) : Lobular carcinoma (N=1,094)
outcome exposure method SNPs beta standard error p value
breast cancer Free fat mass 2SLS 26 -0.135 0.055 0.015
breast cancer Free fat mass Inverse variance weighted 26 -0.035 0.032 0.265
breast cancer Free fat mass MR Egger 26 0.011 0.073 0.878
breast cancer Free fat mass MR Egger Intercept 26 -0.035 0.049 0.482
breast cancer Free fat mass Weighted median 26 -0.014 0.035 0.700
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4 PRI B ETR T 164 BRE )

’ @f;%ﬂgj—_ﬁ o

Chr Pos Ref Alt SNPs ID Gene name Gene description
1 177905174 T C 1s2902210 RP4-798P15.3 Null
1 177922617 A G rs1336784 RP4-798P15.3 Null
1 177931122 G A rs10798585 RP4-798P15.3 Null
1 177967005 A C rs35308250 RP4-798P15.3 Null
1 177992402 T C rs11585914 RP4-798P15.3 Null
2 58935282 T G rs4671328 LINCO1122 long intergenic non-protein coding RNA 1122 [Source:HGNC Symbol;Acc:49267]
2 58955953 A G rs2708146 LINCO01122 long intergenic non-protein coding RNA 1122 [Source:HGNC Symbol;Acc:49267]
2 58992430 T C rs7597839 LINCO1122 long intergenic non-protein coding RNA 1122 [Source:HGNC Symbol;Acc:49267]
2 59122090 T C rs42825 LINCO01122 long intergenic non-protein coding RNA 1122 [Source:HGNC Symbol;Acc:49267]
2 59125540 A G rs1861101 LINCO1122 long intergenic non-protein coding RNA 1122 [Source:HGNC Symbol;Acc:49267]
2 172401050 C T rs968379 CYBRDI cytochrome b reductase 1 [Source:HGNC Symbol;Acc:20797]
2 172405989 A G rs11684782 CYBRDI cytochrome b reductase 1 [Source:HGNC Symbol;Acc:20797]
2 211540507 C A rs1047891 CPS1 carbamoyl-phosphate synthase 1, mitochondrial [Source:HGNC Symbol;Acc:2323]
2 233816504 C T rs72978115 NGEF neuronal guanine nucleotide exchange factor [Source:HGNC Symbol;Acc:7807]
2 233830837 C A rs11678345 NGEF neuronal guanine nucleotide exchange factor [Source:HGNC Symbol;Acc:7807]
2 233830837 C T rs11678345 NGEF neuronal guanine nucleotide exchange factor [Source:HGNC Symbol;Acc:7807]
2 233839239 C T 156748986 NGEF neuronal guanine nucleotide exchange factor [Source:HGNC Symbol;Acc:7807]
3 141076084 T C rs9866391 ZBTB38 zinc finger and BTB domain containing 38 [Source:HGNC Symbol;Acc:26636]
3 141154542 T C rs6440008 ZBTB38 zinc finger and BTB domain containing 38 [Source:HGNC Symbol;Acc:26636]
3 141234523 T C rs13069717 RASA2 RAS p21 protein activator 2 [Source:HGNC Symbol;Acc:9872]
3 160838885 C T rs142119953 NMD3 NMD3 ribosome export adaptor [Source: HGNC Symbol;Acc:24250]
3 185302885 G A rs10937226 SENP2 SUMO1/sentrin/SMT3 specific peptidase 2 [Source:HGNC Symbol;Acc:23116]
3 185302885 G C rs10937226 SENP2 SUMO1/sentrin/SMTS3 specific peptidase 2 [Source:HGNC Symbol;Acc:23116]
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185371172
17720818
17957688
17965927

168265891

179929204
31239296
32338283
32368558

32431705

34444536
34444536
130345835
130360617
130378833
130378833
130449280
132654831
161047144
161096446
161096446
2772431
80812398
90084742
150690079
97782301
135558301

O T 000> 1000 02r» 9 A9 0000>» > Q

157158761
rs76007570
1s7673321
rs79320874
rs1979923
rs17697839
1$9264666
rs3129942
rs9268485

rs9268885

rs9366858
rs9366858
rs1415701
rs34614731
rs12661188
rs12661188
rs12194709
rs11968833
19365187
rs1590184
rs1590184
rs798528
1s7797400
rs6465265
152070744
rs35616182
rs1530318

IGF2BP2
FAMI184B
LCORL
LCORL
SLIT3
CNOT6
HLA-C
Cé6orf10
BTNL2

HLA-DRB9

PACSIN1
PACSIN1
L3MBTL3
L3MBTL3
L3MBTL3
L3MBTL3
L3MBTL3
MOXD1
LPA
RP1-81D8.4
RP1-81D8.4
AMZ1
AC005008.2
CTB-13L3.1
NOS3
CPQ
ZFAT

insulin-like growth factor 2 mRNA binding protein 2 [Source:HGNC Symbol;Acc:28867]
family with sequence similarity 184, member B [Source:HGNC Symbol;Acc:29235]
ligand dependent nuclear receptor corepressor-like [Source: HGNC Symbol;Acc:30776]
ligand dependent nuclear receptor corepressor-like [Source:HGNC Symbol; Acc:30776]
slit homolog 3 (Drosophila) [Source:HGNC Symbol;Acc:11087]

CCR4-NOT transcription complex, subunit 6 [Source:HGNC Symbol;Acc:14099]

major histocompatibility complex, class I, C [Source:HGNC Symbol;Acc:4933]
chromosome 6 open reading frame 10 [Source:HGNC Symbol;Acc:13922]

butyrophilin-like 2 (MHC class II associated) [Source:HGNC Symbol;Acc:1142]

major histocompatibility complex, class II, DR beta 9 (pseudogene) [Source: HGNC
Symbol;Acc:4957]

protein kinase C and casein kinase substrate in neurons 1 [Source:HGNC Symbol;Acc:8570]
protein kinase C and casein kinase substrate in neurons 1 [Source:HGNC Symbol;Acc:8570]
1(3)mbt-like 3 (Drosophila) [Source:HGNC Symbol;Acc:23035]

1(3)mbt-like 3 (Drosophila) [Source:HGNC Symbol;Acc:23035]

1(3)mbt-like 3 (Drosophila) [Source:HGNC Symbol;Acc:23035]

1(3)mbt-like 3 (Drosophila) [Source:HGNC Symbol;Acc:23035]

1(3)mbt-like 3 (Drosophila) [Source:HGNC Symbol;Acc:23035]

monooxygenase, DBH-like 1 [Source:HGNC Symbol;Acc:21063]

lipoprotein, Lp(a) [Source:HGNC Symbol;Acc:6667]

Null

Null

archaelysin family metallopeptidase 1 [Source:HGNC Symbol;Acc:22231]

Uncharacterized protein [Source:UniProtKB/TrEMBL;Acc:CI1YQ3]

Null

nitric oxide synthase 3 (endothelial cell) [Source:HGNC Symbol;Acc:7876]
carboxypeptidase Q [Source:HGNC Symbol;Acc:16910]

zinc finger and AT hook domain containing [Source:HGNC Symbol;Acc:19899]
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11
11
12
12
12
12
12
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
15
15

135581352
135660469
497698
27695464
123515158
57964445
66346714
66358347
83298633
122602305
42749192
42797518
42797518
50766240
50819769
51100097
51105334
51129412
51131109
51176678
51176678
51254196
51254196
76365143
76365143
86276000
86276000

HH A3 > 0000000000000 2>2>Q0Q»> -

>0 3> Q0> 4Hdpr 000000430

rs11166598
rs7012213
rs151017225
rs11030108
rs1274215
rs12821774
rs12371967
rs1042725
rs17726837
rs28642975
19590675
rs17599277
rs17599277
rs1359613
rs2066665
rs3118904
rs3118905
rs1149827
rs1149825
rs1341635
rs1341635
rs1272436
rs1272436
rs9544044
rs9544044
rs12907384
rs12907384

ZFAT
ZFAT
RNHI
BDNF-AS
SCN3B
KIFSA
HMGA?2
HMGA?2
TMTC2
MLXIP
DGKH
DGKH
DGKH
DLEU1
DLEU1
RP11-175B12.2
DLEU1
DLEU1
DLEU1
DLEU1
DLEU1
DLEU1
DLEU1
RP11-29G8.3
RP11-29G8.3
AKAP13
AKAP13

zinc finger and AT hook domain containing [Source:HGNC Symbol;Acc:19899]

zinc finger and AT hook domain containing [Source:HGNC Symbol;Acc:19899]
ribonuclease/angiogenin inhibitor 1 [Source:HGNC Symbol;Acc:10074]

BDNF antisense RNA [Source:HGNC Symbol;Acc:20608]

sodium channel, voltage-gated, type 11, beta subunit [Source:HGNC Symbol;Acc:20665]
kinesin family member 5A [Source:HGNC Symbol;Acc:6323]

high mobility group AT-hook 2 [Source:HGNC Symbol;Acc:5009]

high mobility group AT-hook 2 [Source:HGNC Symbol;Acc:5009]

transmembrane and tetratricopeptide repeat containing 2 [Source: HGNC Symbol;Acc:25440]
MLX interacting protein [Source:HGNC Symbol;Acc:17055]

diacylglycerol kinase, eta [Source: HGNC Symbol;Acc:2854]

diacylglycerol kinase, eta [Source:HGNC Symbol;Acc:2854]

diacylglycerol kinase, eta [Source: HGNC Symbol;Acc:2854]

deleted in lymphocytic leukemia 1 (non-protein coding) [Source:HGNC Symbol;Acc:13747]
deleted in lymphocytic leukemia 1 (non-protein coding) [Source:HGNC Symbol;Acc:13747]
Null

deleted in lymphocytic leukemia 1 (non-protein coding) [Source:HGNC Symbol;Acc:13747]
deleted in lymphocytic leukemia 1 (non-protein coding) [Source:HGNC Symbol;Acc:13747]
deleted in lymphocytic leukemia 1 (non-protein coding) [Source:HGNC Symbol;Acc:13747]
deleted in lymphocytic leukemia 1 (non-protein coding) [Source:HGNC Symbol;Acc:13747]
deleted in lymphocytic leukemia 1 (non-protein coding) [Source:HGNC Symbol;Acc:13747]
deleted in lymphocytic leukemia 1 (non-protein coding) [Source:HGNC Symbol;Acc:13747]
deleted in lymphocytic leukemia 1 (non-protein coding) [Source:HGNC Symbol;Acc:13747]
Null

Null

A kinase (PRKA) anchor protein 13 [Source:HGNC Symbol;Acc:371]

A kinase (PRKA) anchor protein 13 [Source:HGNC Symbol;Acc:371]
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16
16
16
16
16
16
16
16
16
17
17
17
17
17
17
17
17
18
18
19
19
19
20
20
20
20

2160973
2262113
2262113
19762935
29958216
29958216
29958216
53804965
53804965
53818708
7463102
7569542
29211667
46958166
62017421
62019103
62019103
62019103
57135158
57804346
4366219
10770305
10770305
31939710
32358906
32358906
33496471

oo acrr>r 000000000 » Q>

HH o030 0>>d02»>»402» 0400

rs116092985
rs1126
1s1126
rs16951276
rs8054556
rs8054556
rs8054556
rs10852521
rs10852521
rs3751813
rs143094271
rs74351250
rs7223535
rs8075255
rs2532111
rs56342400
rs56342400
rs56342400
r$9959290
rs8095404
rs732716
rs7248205
1s7248205
rs293710
rs6059462
rs6059462
rs4911448

PKDI
RP11-304L19.8
RP11-304L19.8
IQCK
TMEM219
TMEM219
TMEM219
FTO
FTO
FTO
TNFSF12
TP53
ATADS
SUMO2P17
SCN4A
SCN4A
SCN4A
SCN4A
CCBEI
RP11-795H16.3
SH3GL1
ILF3
ILF3
BPIFBYP
ZNF341
ZNF341
ACSS2

polycystic kidney disease 1 (autosomal dominant) [Source:HGNC Symbol;Acc:9008]

Null

Null

1Q motif containing K [Source:HGNC Symbol;Acc:28556]

transmembrane protein 219 [Source:HGNC Symbol;Acc:25201]

transmembrane protein 219 [Source:HGNC Symbol;Acc:25201]

transmembrane protein 219 [Source:HGNC Symbol;Acc:25201]

fat mass and obesity associated [Source:HGNC Symbol;Acc:24678]

fat mass and obesity associated [Source:HGNC Symbol;Acc:24678]

fat mass and obesity associated [Source:HGNC Symbol;Acc:24678]

tumor necrosis factor (ligand) superfamily, member 12 [Source:HGNC Symbol;Acc:11927]
tumor protein p53 [Source:HGNC Symbol;Acc:11998]

ATPase family, AAA domain containing 5 [Source:HGNC Symbol;Acc:25752]

SUMO?2 pseudogene 17 [Source:HGNC Symbol;Acc:49358]

sodium channel, voltage-gated, type IV, alpha subunit [Source: HGNC Symbol;Acc:10591]
sodium channel, voltage-gated, type IV, alpha subunit [Source:HGNC Symbol;Acc:10591]
sodium channel, voltage-gated, type IV, alpha subunit [Source: HGNC Symbol;Acc:10591]
sodium channel, voltage-gated, type IV, alpha subunit [Source:HGNC Symbol;Acc:10591]
collagen and calcium binding EGF domains 1 [Source:HGNC Symbol;Acc:29426]

Null

SH3-domain GRB2-like 1 [Source:HGNC Symbol;Acc:10830]

interleukin enhancer binding factor 3, 90kDa [Source:HGNC Symbol;Acc:6038]
interleukin enhancer binding factor 3, 90kDa [Source:HGNC Symbol;Acc:6038]

BPI fold containing family B, member 9, pseudogene [Source:HGNC Symbol;Acc:16109]
zinc finger protein 341 [Source:HGNC Symbol;Acc:15992]

zinc finger protein 341 [Source:HGNC Symbol;Acc:15992]

acyl-CoA synthetase short-chain family member 2 [Source:HGNC Symbol;Acc:15814]
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20
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20
20
20
20
20
20
20
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22
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33642396

33844938
33867697

33912371

34030425
34186953
34186953
34190870
34190970
34460479
35002849
50788017
50846917
45611846
50952570
50952570

> P> 0000034940 3 > > 0O

a0 00> 0 @O 4

rs62213709

12425024
1s619865

152425059

rs34414056
rs6120997
rs6120997
153746410
rs41293082
rs6058339
rs2425224
rs6091465
rs6021797
rs13058706
rs131820
rs131820

TRPC4AP

MMP24-AS1
RP4-61404.11

UQCC1

GDF5
FERIL4
FER1L4
FERIL4
FER1L4

PHF20

DLGAP4
ZFP64
RP4-723E3.1
KIAA0930
NCAPH2
NCAPH2

transient receptor potential cation channel, subfamily C, member 4 associated protein
[Source:HGNC Symbol;Acc:16181]

MMP24 antisense RNA 1 [Source:HGNC Symbol;Acc:44421]

Null

ubiquinol-cytochrome c reductase complex assembly factor 1 [Source: HGNC
Symbol;Acc:15891]

growth differentiation factor 5 [Source:HGNC Symbol;Acc:4220]

fer-1-like 4 (CNull elegans), pseudogene [Source:HGNC Symbol;Acc:15801]
fer-1-like 4 (CNull elegans), pseudogene [Source:HGNC Symbol;Acc:15801]
fer-1-like 4 (CNull elegans), pseudogene [Source:HGNC Symbol;Acc:15801]
fer-1-like 4 (CNull elegans), pseudogene [Source:HGNC Symbol;Acc:15801]
PHD finger protein 20 [Source:HGNC Symbol;Acc:16098]

discs, large (Drosophila) homolog-associated protein 4 [Source: HGNC Symbol;Acc:24476]
ZFP64 zinc finger protein [Source:HGNC Symbol;Acc:15940]

Null

KIAA0930 [Source:HGNC Symbol;Acc:1314]

non-SMC condensin II complex, subunit H2 [Source:HGNC Symbol;Acc:25071]
non-SMC condensin II complex, subunit H2 [Source:HGNC Symbol;Acc:25071]
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2L 0% 1642 PHEL EREBECR XRF 2B TRFIFFORE BALIRSE -

SNP's name phenotype phenotype group beta P value Allele freq
159946862 Cardiac shunt/ heart septal defect congenital anomalies 1.068 4E-05 0.05
1$9275602 Intestinal malabsorption (non-celiac) digestive 0.91 1E-22 0.202
rs9271578 Multiple sclerosis neurological -0.42 7E-05 0.494
rs9271578 Intestinal malabsorption (non-celiac) digestive -0.57 1E-09 0.492
1$9268885 Intestinal malabsorption (non-celiac) digestive 0.93 9E-25 0.253
1s9268485 Intestinal malabsorption (non-celiac) digestive 0.509 3E-08 0.487
1$9264666 Intestinal malabsorption (non-celiac) digestive 0.472 1E-07 0.444
16433294 Other inflammatory spondylopathies musculoskeletal -0.43 9E-05 0.356
1s62482605 Inflammation of eyelids sense organs 1.323 6E-06 0.029
1s62482605 Genitourinary congenital anomalies congenital anomalies 1.345 2E-05 0.028
1s62482605 Congenital anomalies of urinary system congenital anomalies 1.303 9E-05 0.028
rs4318925 Intestinal malabsorption (non-celiac) digestive 0.998 2E-26 0.179
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rs377763

rs377763

1s3129942

rs3021302

rs3021302

rs2858332

rs2858332

rs1530318

rs142119953

151383266

rs12055445

rs12055445

rs12055445

rs11684782

rs11684782

Type 1 diabetes
Intestinal malabsorption (non-celiac)
Intestinal malabsorption (non-celiac)
Type 1 diabetes
Intestinal malabsorption (non-celiac)
Multiple sclerosis
Intestinal malabsorption (non-celiac)
Other nonmalignant breast conditions
Nervous system congenital anomalies
Intestinal malabsorption (non-celiac)
Type 1 diabetes
Multiple sclerosis
Intestinal malabsorption (non-celiac)
Intestinal infection

Other benign neoplasm of uterus

endocrine/metabolic
digestive
digestive
endocrine/metabolic
digestive
neurological
digestive
genitourinary
congenital anomalies
digestive
endocrine/metabolic
neurological
digestive
infectious diseases

neoplasms

59

0.494

1.128

0.948

0.494

1.319

-0.52

-0.58

-0.39

1.868

-0.47

0.469

0.587

0.672

0.192

0.773

6E-07

1E-35

9E-26

2E-06

2E-47

2E-06

1E-09

7E-05

2E-05

8E-05

SE-07

SE-08

9E-13

1E-04

6E-05

0.218

0.219

0.263

0.172

0.173

0.474

0.473

0.174

0.024

0.243

0.494

0.493

0.495

0.493

0.493
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'8:78165084 TTA T

'8:78165084 TTA T
*6:32890908_ AAAAC
A
'6:31181419 CAAAA

AAAAAAAA C

Disorders of fluid, electrolyte, and acid-
base balance

Hypovolemia

Intestinal malabsorption (non-celiac)

Intestinal malabsorption (non-celiac)

60

endocrine/metabolic

endocrine/metabolic

digestive

digestive

0.341

0.341

0.507

0.348

4E-05

4E-05

3E-08

8E-05

0.453

0.453

0.287

0.447
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AL ALY A RENRAHK

Phenotype Phenotype (¥ < u:%) Significant times Phenotype group
Intestinal malabsorption (non-celiac) Hapwfed  (2RR) 14 digestive
Multiple sclerosis X e® L 3 neurological
Type 1 diabetes ¥ = AR 3 endocrine/metabolic
Cardiac shunt/ heart septal defect ISR VARRYESE N X i) 1 congenital anomalies
Congenital anomalies of urinary system SR RV PR e | 1 congenital anomalies
Disorders of fluid, electrolyte, and acid-base balance %#7% ~ T & § frikds T = ¥ p* 1 endocrine/metabolic
Genitourinary congenital anomalies Wa Bl gE kL A R 1 congenital anomalies
Hypovolemia n R 1 endocrine/metabolic
Inflammation of eyelids 2922 3G 1 sense organs
Intestinal infection YER 2 1 infectious diseases
Nervous system congenital anomalies P A e 4 1 congenital anomalies
Other benign neoplasm of uterus His 3 7 LR 1 neoplasms
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Other inflammatory spondylopathies Hi g m 1 musculoskeletal

&
W
hS

Other nonmalignant breast conditions Hois 2L E TR 1 genitourinary
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2L LRI R 2020 R FRAFRE LB RR  RBEFEN A

&4 (Byw= 0.002, ORpy=1.002, Py =0.733)

Case : 133,384 / Control : 113,789

oo sl E B RRR s TR B -

outcome exposure method SNPs beta standard error p value

breast cancer Free fat mass Inverse variance weighted 141 0.002 0.007 0.733

breast cancer Free fat mass MR Egger 141 -0.048 0.033 0.147

breast cancer Free fat mass MR Egger Intercept 141 0.010 0.006 0.119

breast cancer Free fat mass Weighted median 141 -0.003 0.006 0.539
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2L2 0 RIS R 2020 R FRAFRE LB RR  RBEFEN A

Voo 2L E ARRR G Tl M hen

- %4 (Bww= -0.006, OR;y=0.994, Py =0.211)

Case : 133,384 / Control : 113,789

outcome exposure method SNPs beta standard error p value
breast cancer Body fat mass Inverse variance weighted 85 -0.006 0.005 0.211
breast cancer Body fat mass MR Egger 85 0.001 0.020 0.940
breast cancer Body fat mass MR Egger Intercept 85 -0.003 0.007 0.698
breast cancer Body fat mass Weighted median 85 -0.005 0.004 0.227
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2ty D AMBRE-FRISFTHEE R FRIAIAL IV PR RBATRNAGEAT > 2 BHE AT RA G NTFIEM G

{?’ 'lé:" lj'—"‘ f”('L’}_ (FIVW= -0. 056, ORIVW=0- 946, PIVW =0, 448)

Case: 407 / Control ;: 1224

outcome exposure method SNPs beta standard error p value

breast cancer Fat free mass Inverse variance weighted 93 -0.056 0.074 0.448

breast cancer Fat free mass MR Egger 93 0.279 0.398 0.485

breast cancer Fat free mass MR Egger Intercept 93 -0.062 0.073 0.393

breast cancer Fat free mass Weighted median 93 -0.008 0.103 0.936
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2L CMMBRBE-ABPIFTHARL R FRIATAEIPRBR RBEARHAGEAT > 20 WL AT R G OF] M

%o 273 7% - R (Byw= -0.056, ORyyy=0.946, P,y =0.448)

Case: 407 / Control ;: 1224

outcome exposure method SNPs beta standard error p value

breast cancer Body fat mass Inverse variance weighted 53 0.041 0.048 0.398

breast cancer Body fat mass MR Egger 53 0.284 0.210 0.182

breast cancer Body fat mass MR Egger Intercept 53 -0.094 0.078 0.239

breast cancer Body fat mass Weighted median 53 0.043 0.067 0.518
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R P ARAAY Rt (AREZRLFAEDIFR BMELHERY A FFehik- H8E > TERILSL L PiITH
TP H % > oW B ;WA 5T )
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Ethnic background
0- ® 1. British
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Hd - FRL R TRE-RT R HRE NS

UKB %% : RFELH 7 2 RAEH w2

31 e Sex

34 A4 E i Year of birth

48 7] Waist circumference

49 ol Hip circumference
1249 TSN Past tobacco smoking
1558 PR Alcohol intake frequency
2443 B PR T Diabetes diagnosed by doctor
2714 A7 G # Age when periods started (menarche)
2734 2 A% Number of live births
3581 B E i Age at menopause (last menstrual period)
21000 aEF R Ethnic background
21001 LR BMI
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ek - CERAFTHE LR EPRELFRRAERT Y LRE
Characteristic 55 L SHE R iR A E EE EE
Sample size N =502,5051 N =502,5051 N =502,5051 N =502,5051 N =502,5051 N =502,5051 N =502,5051
st 499,965 (99%) 499,730 (99%) 499399 (99%) 492,096 (98%) 492,096 (98%) 500,285 (99%) 500,344 (99%)
2nd 20,313 (4.0%) 20,303 (4.0%) 20,299 (4.0%) 20,037 (4.0%) 20,037 (4.0%) 20,317 (4.0%) 20,322 (4.0%)
3rd 47,159 (9.4%) 47,109 (9.4%) 47,055 (9.4%) 46,076 (9.2%) 46,076 (9.2%) 47,202 (9.4%) 47,200 (9.4%)
4th 3,087 (0.6%) 3,086 (0.6%) 3,080 (0.6%) 3,009 (0.6%) 3,009 (0.6%) 3,087 (0.6%) 3,087 (0.6%)

In (%), FFM : 4 #3948

21st : (2006-2010 ) ; 2nd : (2012-2013 ); 3rd : ( 2014+ ); 4th : (2019+)
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A D S FTRE-TRER
Characteristic Total Case Control P-value?
Sample size N=1,631/ N =4071 N =1,2241
sex
women 1,631 (100%) 407 (100%) 1,224 (100%)
age 50 (11) 53 (10) 49 (11) <0.001
smoke 0.5
1. X5 #2= 1,601 (98%) 403 (99%) 1,198 (98%)
2. dhFAE( Y AT LA ) 1 (<0.1%) 0 (0%) 1 (<0.1%)
3. HA(FIFLZHS) 5(0.3%) 1 (0.2%) 4 (0.3%)
4, #FE(1 R TFLHEF) 24 (1.5%) 3(0.7%) 21 (1.7%)
alcohol >0.9
1. 23 &0 e 1,589 (97%) 398 (98%) 1,191 (97%)
2. ¢ BN 10 (0.6%) 2 (0.5%) 8 (0.7%)
3. B A 3 ehIE 31 (1.9%) 7 (1.7%) 24 (2.0%)
diabetes 0.8
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388 (95%)

1,171 (96%)

no 1,559 (96%)
yes 72 (4.4%) 19 (4.7%) 53 (4.3%)
menarche 13.56 (1.57) 13.64 (1.51) 13.54 (1.59) 0.3
Birth history 0.11
no 271 (17%) 57 (14%) 214 (17%)
yes 1,360 (83%) 350 (86%) 1,010 (83%)
’n (%); Mean (SD)
2 Two Sample t-test; Fisher's exact test; Pearson's Chi-squared test
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QQ plot of FFM ( lambda=1.179 )

Observed -logqo(p)

Expected -logio(p)
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QQ plot of BFM ( lambda=1.16)
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SR TES RIS P F T SR

outcome exposure method SNPs beta standard error p value

breast cancer body fat percentage 2SLS 95  -0.007 0.010 0.490

breast cancer body fat percentage Inverse variance weighted 95  -0.007 0.009 0.488

breast cancer body fat percentage MR Egger 95 0.032 0.034 0.354

breast cancer body fat percentage MR Egger Intercept 95  -0.010 0.009 0.246

breast cancer body fat percentage Weighted median 95  -0.001 0.012 0.910
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A N LA PR ERE-TRRGTERAFTREIB I FRES

outcome exposure method SNPs beta standard error p value

breast cancer Free fat mass index 2SLS 112 -0.045 0.036 0.210

breast cancer Free fat mass index Inverse variance weighted 112 -0.044 0.037 0.230

breast cancer Free fat mass index MR Egger 112 -0.113 0.116 0.333

breast cancer Free fat mass index MR Egger Intercept 112 0.005 0.008 0.535

breast cancer Free fat mass index Weighted median 112 -0.085 0.045 0.058
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AL 2P RPHERE- TR GCERITIRE LB BERES

outcome exposure method SNPs beta standard error p value

breast cancer Body fat mass index 2SLS 78  -0.005 0.018 0.793

breast cancer Body fat mass index Inverse variance weighted 78  -0.009 0.021 0.683

breast cancer Body fat mass index MR Egger 78 0.006 0.072 0.930

breast cancer Body fat mass index MR Egger Intercept 78  -0.002 0.010 0.830

breast cancer Body fat mass index Weighted median 78  -0.004 0.024 0.868
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P ERBRAGR A

FHF LS #% (Mendelian randomization, MR)

1 2 %% (Instrumental variables, IV)

U “ﬁuﬁﬂé’e ¢ 7B (Breast Cancer Association Consortium,
BCAC)

R mmEA g A& ¢ (World Cancer Research Fund, WCRF)
F WA~ 7 #7 (American Institute for Cancer Research,
AICR)

> A F e A 7 (Genome-wide association study, GWAS)
> %A= M4 47 (Phenome-wide association studies,
PheWAS )

Z P T > ( Two-stage least squares, 2SLS)

# > £ 4482 (Inverse variance weighted)

feE P =8 (weighted median)

3 & * t % = (Two Sample t-test)

A f 4=+ > #& 2 (Pearson’ s Chi-squared test)

£ 7] 5 >zt (pleiotropy )

7% (Body fat percentage, BFP)

4 748 € (Free fat mass, FFM)

SRR BaE R S (Free fat mass index, FFMI)

92

> &€ (Body fat mass, BFM)

> ¥4 € 4p 8k (Body fat mass index, BFMI)

Al (Waist-hip ratio, WHR)

MAF AT #8544 (persistent organic pollutants,
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